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NUMMARY" 


Results  of  measurements  described  i ->  the  previous  Report  are  discussed. 

,Ha  I  i  effect  measurements  were  made,  a-’d  experiments  for  e'inninating  the  i  n  homo  gene  i  t  i  es 

on  the  image  intensifier  pane  •  haW-  beep  started  Work  o'  evaoorated  E.  films  has^baen 

i  !  -'7 

tar  ted . 


D ■  SCUSS ’ ON  Of  PC  CHARACTER • S' 


Ay  Three  sintered  CdSe  °C  ce . . s  in  both  copianar  a^d  sandwich  construction  were 


s  tud ied, 


-*No- — 2"b  Currents  as  a  function  of 


the  applied  voltage  with  the  i  lumination  as  parameter  were  recorde.  ,  and  decay 
and  rise  time-constant  measu  rente"  ts  at  different  light  intensities  were  made  From 
these  measurements  and  the  geometrical  data  of  the  ceils,  fu~damentai  semiconductor 
cha rac ter  is t ics  were  ca  leu  lated,  as  described  i"  Table  I  and  Tab'e  2  of  Report  No  2 


The  numerical  data  for  one  of  the\el  •$  is  given  in  Table  3  of  the  same  Report 
The  discussion  of  these  data  fo  •  ows heT"en--»— .  /^-T  Ya  'Afif  '*■  (  rA  .J/ /  (.<.  u-'. 

■  j  <■  ! 

j  dti'C 


Examination  of  Figures  I  and  2  and  of  the  corresponding  numerical  data  in 
Table  3 '■  shows  a  large  difference  between  the  cha rac ter  is t  ics  of  copianar  and 
sandwich  construction  ^Surface  and  vo  ume  currents)  cf  the  same  material  While 
the  copianar  cell  has  high  dark  current  and  ~ear<y  H-ear  current  vs  voltage 
relation  \ohmic  electrodes,1,  the  sandwich  ce  i  1  shows  .  inearity  o.~iy  below  i0  volts, 
and  becomes  highly  super i i -ear  above  50  vous  when  ;he  too  e'ectrode  is  uositive. 
Wr e *'  'he  top  eiectrode  is  negative  this  -i.:er  inearity  start  -  ai  ower  vo.tages 
i“  both  cases  ttop  -  and  ■  the  s-oer '  i near i ;y  become  evident  at  ower  »o  tages 
when  the  i1 lumination  i.  'ower  ton,ideriq  the  fie  d  stre-gttm  for  both  the 
copsaar  ard  sandwich  construct io's .  one  catenates  a  lie  d  strc-g:h  of 


33  x  i0  volts/cm  with  > 00  vo'ts  nn  tne  cop'anjr  ce 


7  np  -ame  lie  d  s  t  re  g  t  h 


is  'cached  with  il.6  volts  O'-  the  sa  dwich  ce 


T-'erelo'e.  mea  su  reme  - 1  s  with 


higher  |  j  e  l  d  strengths  on  the  co  a  ce'  sho-  d  he  made  lor  seeing  jf  a  -,ur,er 
inearity  exists  there  as  we >  it  i;  true  that  the  e  cct'odes  ir  the  two  cases 


are  somewhat  different 


the  copia-ar  ce  ■  both  ect trodes  are  tin-oxide  ws i  e 


Figures  and  Tables  refer  to  those  i'1  f't'th  y  'ech-ica  E-gmeeri-g  Rcoor;  No  2 


i"  [he  sa-dw  i  cr  ce  !  ihe  bo  t  tor-  e  ecu  ode  i  s  t  i  •  oxide  ad  the  too  e;ectr'ode  ij 
go'd  Ti-e  i  ■  oxide  e  Sec  f odes  are  ce.-en  d.,ri-g  the  *->  i  gh  terpera  cure  oaki-g  of 
the  ce  white  the  go'-d  e.ectrede  i-  evaporated  alter  the  -i-teri-g 

fo-  coroari'-g  the  cop'a-ar  ad  ra-dwic  ce  the  co-’d..c ;  i  v  i  t  i  es  rtust  be 
co-sidered  Tr>e  data  i  -  fob:e  3  re  yea  a  orge  diffe-ece  ne'e  t  ha  -•  o-e  h-_  -dred 
•  i ■' e -  higher  co-df  iivity  of  the  cop -a -a r  *. e ■  •  :ha-  that  of  the  -a-dwich  te¬ 
at  I  t  -  c  i  1  i  n,i  i  ;q--  ad  --ighe:  factor,  at  o«er  i  un  i  -a  t  ic-’ ,  1?.i  i  rea  ,  i -g 

co-dvic  iivity  ratio  at  decree?  i  •  g  i  _r  i na :  i  o  .  i  ca.-red  by  -,.b  i«-«ear  i  ty  i  -  the 
c-’  rent  vs  ’  ight  i  nte-s i :y  cna-ac  ter  is :  it  that  prove  it-,  for  the  cod  War  ic 
ad  the  ?. per • i near i ty  that  exist?  for  tHe  sa-dwic*  ce 


C-e  t'ies  to  exp  ai"  the.e  va  i-'ce?  by  L  ,'-o  dill  ere  ce,  be  twee  the  crysta 

sirocU-re  of  a  Surface  iaye"  a~d  that  of  toe  inside  of  '.he  rateria  However, 

a'Other  reasoa  for  the  diffce^ce  is  the  ab ore :  io-  of  high,  energy  photo-- 

J  -  '  x  rax 

i  -  a  very  thin  layer  of  the  CdSe  7M  dee.  'ct  c-e wt  ?•>/  prob  e^t.  fcr  the 
coo  e~w  c  c.»  ‘  i  if  the  ight  e-te-.-  cv  -he  o  ectrode  •-  ide  But  if  t 1  ■  o  iqlu  1  i, 
o"  t-e  othe1'  side  the  shorter  wave-e -gilr-  are  absorbed  la- ter  i  ha-  the  on  go1'  o<'e  - 
a  d  the  spectral  respo-.e  Curve  is  :  raWcr  rod  to  'c>-ge-  wave  e ->  1 1  f"-  , -oo  figure 
20  i  -  Report  NAv  T  RAD  E  V  C  E  N  562-  •  t r  e  ca.e  of  dwicn  <_o~  ■  1 1  i,t  t  i  o->  the 


.  urre-'t  carrier  electro">  tj  u  be  t  r;r  s,.or  ted  th'Ojqh  the  Mycr  l'ior"  the  'ogative 
eectrode  to  the  positive  ewt'ode  The  e  is  <-o  .  o-  j  ■  i  c  r  t  io'-  w'e-  the  ight 
e  te--  o”  the  -.ogative  o  -  ec  t  rode  "ton  "  I  t  he  •>  ea  - ..  ror  e  t  •  r  -v  the  excited 
e  ‘.-(.irons  have  to  be  difl.sed  toward  the  [.o,itive  electrode  W-e  ■  the  light  e-te-'s 
O'  the  positive  e'c'ctrode  ,  toe  ■  -  tie  •> oa  .  rcivo-t  the  -egative  electrode 
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The  increasingly  sciper 1 i near  dark  current  at  increasing  field  strengths  is 
explained  by  the  space  charge  limited  currents.  An  inertia  phe-orr.ena  with 
changing  field  strength  is  connected  to  this  mechanism:,  and  both  will  be  studied 
at  a  later  date. 

The  decay  and  rise  time  constants  of  :ne  cels  were  measured  at  an  earlier 
date.  Comparing  Figures  4  and  5,  one  sees  tnat  the  response  time  of  the  sandwich 
c e ! •  is  slower  than  the  copia-ar  ce . 1  by  a  factor  of  approximately  five.  The 
rise  time  constant  is  about  three  times  higher  the."  the  decay  time  constant  in 
both  cases.  In  the  calculations  on;y  the  decay  time  constants  were  considered. 

For  the  gain-calculation,  it  was  supposed  that  there  are  about  * 0 '  photons/cm 

sec  in  i  ft-c  of  light  intensity  and  the  qua-tur  efficiency  is  <.  The  curves  in 

4 

Figure  7  show  that  the  gain  is  higher  with  higher  voltage,  reaching  10  electrons/ 
photons  at  50  V.  The  positive  or  negative  slope  of  these  curves  corresponds  to 
superlinear  or  sublinear  cjrre-t  vs.  light  intensity  charac ter i s t i cs  respectively 

The  M-factor  is  connected  to  the  maximum  gain  avai'ab'e  with  a  PC  materia'. 

The  maximum  gain  is  limited  by  the  fieid  stre-gth  where  space  charge  'imited 
currents  enter  and  in  this  case  M  is  equa  or  ower  man  one.  in  some  special 
cases  M  can  be  higher  than  one  representing  a  PC  materia  with  sjeerior  character¬ 
istics.  The  M  factor  of  our  photoce  s  vFigu-e  8)  -how  that  they  are  i-  the 
general  category,  where  M  1 

For  calculating  the  electron  de-si ty  n  it  was  assumed  that  the  mobi'ity 
2 

is  equal  10  cm  /volt  sec.  it  was  assumed  furthermore  that  the  absorption  and 
conduction  mechanism  in  the  copianar  ce '  ■  takes  place  i-  a  thickness  ol  about 
10  micron  (t;).  In  the  case  of  the  sandwich  cc  i  the  current  goes  through  the 
total  thickness.  The  life  time  of  the  carrier,  ca-iulated  with  these  assumptions, 
is  acceptable  for  the  sandwich  ce!',  but  are  i  contradiction  with  decay  time 
constant  measurements  for  the  cop  anar  cci  A  iarger  va-ue  tha-  the  decay 


3 


time  is  obtained  which  is  impossible.  To  overcome  this  difficulty  one  has  to 

assume,  at  least  for  the  copianar  cell,  that  the  mobility  is  equal  to  about 
2 

100  cm  /V  sec.  It  is  not  unreasonable  to  suppose  that  the  mobility  is  higher 

for  the  surface  currents,  than  for  the  volume  currents.  Data  calculated  with 
2 

u  =  100  cm  /V  sec  for  the  copianar  ceil,  are  presented  in.  Table  4. 

Figure  9  shows  the  calculated  trap  distributions  for  both  types  of  cells. 

As  is  to  be  expected,  the  trap  distribution  is  the  same  for  10  and  50  volts, 

the  trap  density  is  higher  for  the  sandwich  "top  case  and  the  trap  distribution 

is  nearly  exponential. 

ill.  OTHER  EXPERIMENTAL  WORK 

Some  Hall  constant  measurements  were  made,  but  the  >ow  signal  to  noise  ratio 
in  the  measured  Hail-voltage  gave  too  high  errors,  and  the  values  obtained  for 
the  mobility  are  not  dependable.  Improvements  are  being  made  on  the  measuring 
i  r's  t  rumen  t . 

Some  experiments  were  made  for  finding  out  what  is  the  cause  of  the  grainy 
structure  in  the  image  intensifier  panel.  CdSe  PC  layers  made  with  powders 
(l)  ball  milled  much  longer  \16  hours)  than  usual;  (2)  prebaked  much  longer  v’8 
hours)  than  usual.  The  long  ba  i '  milling  did  not  seem  to  improve  the  homogeneity, 
but  the  long  prebaking  showed  some  improvement.  Exper ime.nts  will  be  repeated  and 
con  t i nued  . 

The  clean  room  work  is  progressing,  although  it  is  a  little  behind  schedule. 

IV.  EVAPORATED  El  F.LHS 

On  reactivation  of  this  work,  the  two  ma i n  objectives  are  improvements  in 
maintenance  and  efficiency.  EL  powder  phosphors  containing  iodine  or  gallium 
as  coactivator,  rather  than  chlorine,  have  been  made,  these  coactivators,  when 
fired  into  the  film  from  the  powder  phosphors,  are  intended  to  improve  maintenance, 


both  with  AC  and  DC  excitation.  Ye,,  ow-em  itting  films  wereM^e  >  ^  or  ^  1  rs  c 

time,  from  the  iodine  or  gallium  containing  powder  phosphor*’  anc*  these  had 
reasonably  good  emission  for  the  first  tria  ,  No  new  maint(pance  ^ata  have  been 
obtained  yet. 

Jigs  and  a  dry-box  have  been  assembled  so  that  both  mai!ltena  rce  a'd  e^'c‘ 
iency  measurements  can  be  made  in  a  dry  atmosphere,  Effici*l1cY  meaSLireme.ots 
were*  begun.  So  far,  the  AC  efficiencies  run.  abojt  0.2  lurnel*  Per  wat,;  lor  the 
yellow-emitting  films  (as  reported  in  NA\/TRADE\/CEN  562-! )  w!'c^  's  to  be  compared 
to  a  maximum  of  about  0.4  low  for  the  best  yel  low-emitting  f°W(^er  phosphors.  The3e 
AC  efficiencies  require  an  insulating  layer  on  the  film,,  anl!suc,"l  a  'aYer  aiso 
required  for  best  maintenance  (see  same  NTDC  report)  and  pnM'Y  to  Prevent 
cross-contamination  when  the  photoconduc  t  i  ve  layer  is  f  i  red  #f1.  Therefore,  most 
of  the  films  from  now  on  will  be  provided  with  an  i nsu I  a t i nj  'aYe r >  development 
of  such  a  layer  is  regarded  as  an  important  aspect  of  the  sandwich, 

and  equipment  refinements  to  do  this  are  already  in  progress  ^ea  1  9a'n&  'n 
efficiency  are  also  possible  through  the  use  of  insulating  |JYer -=■  -  ^9^  ancl 

SiO  are  being  used  at  present. 

Efficiencies  of  one  or  two  lumens  per  watt  have  been  ob*er'/ecJ  ^rom  green- 
emitting  films,  and  some  work  is  pian-ed  this  tyoe  (ef f i denc ' e s  ol 
equivalent  green-emitting  powder  layers  run  around  2-3  !pw).  However,  DC  E_ 
is  far  stronger  in  the  yell  ow-em  itting  films  and,  in  add  i  t  id1’  verY  high 
sensitivity  to  AC  voltage  (perhaps  1 00  ft-1  at  30  volts  400CP5)  bias  °n,y  been 
observed  so  far  in  yellow-emitting  fi.ms. 

Much  effort  was  spent  this  month  in  ironing  out  problem:  'R  uniformity  ol 
the  films,  partly  brought  on  by  the  long  period  during  which1’0  1  '  1  ms  were  made' 

As  much  of  next  month  as  necessary  will  be  spent  on  this  p r oil* em -  w^ich  is  one 
of  visual  appearance  more  than  of  utility  lor  testing,  etc. 
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V! Si  IS  AND  CONFERENCES 


V. 

On  September  6 
Ontario,  Canada  by 
were  d i scussed . 


a  trip  was  made  to  the  Canadian  Westinghouse  Company,  Hamilton, 
.  Szepesi.  Specifications  for  a  subcontract  on  PC  powders 


